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Introduction
Hands-on skills training in biomedical education has traditionally relied on the use of more than g million live vertebrate animals each year in the United States (us) alone (Patronek and Rauch, 2007) , and more in other countries around the world, ranging from performing minor surgical manipulations and pharmacological interventions to managing major traumatic gunshot wounds, bum injuries, and dismemberments. Recently, however, a paradigm shift has taken place that has seen the full replacement of animal use in civilian medical school curricula and skills-training programs in various countries, along with significant reductions and replacements of animal use in comparable military training drills. The embrace of simulation-based biomedical training has been spurred, in part, by improvements in technological realism that accurately mimics human anatomy and physiology, financial burdens involved with run ning animal laboratories, heightened public awareness and ethical objections (Klimas, 2017 (Johnson, 2016; Editorial Board, 2016 (Shiffman, 2015) -have exposed LTT to the scrutiny of the public, spur ring protests and congressional inquiries (Kheel, 2016) . Due in part to these developments, in 2013 the us Army required all non-medical personnel, and certain medical personnel, to use human simulation training methods exclu sively, instead of LTT (Brooks, 2013) . In 2014, the us Coast Guard cut its use of animals for LTT by more than half (Vergakis, 2014 (Seek, 2017 (Gala et al., 2012 (Vandiver and Kloeckner, 2010 (Baker, 2015) .
Chemical Casualty Training
The (Vastag, 2011) . In effect, the animals were replaced with more anatomically correct and physiologically relevant human models, which established a credible gravity to the educational experience (Vastag, 2011 (Simkin et al., 2017) . Canadian medical schools accomplished this feat five years earlier (Blackwell, 2011) . (MBBS) programs to perform pharmacology and physiology experiments on approximately 1.5 to 2 million live animals each year (Akbarsha, 2012) . In part, following meetings with ani mal advocates, government officials, physicians, and academics, the Medical Council of India amended its MBBS regulations to replace the use of animals with non-animal training methods (DNA Correspondent, 2014) . This decision that was replicated by the Pharmacy Council of India (TNN, 2014) for phar macy training; the Dental Council of India for dental training (Singh, 2013);  and the University Grants Commission for life science and zoology training (Pulla, 2014 (nurse.com, 2011) .
Perhaps one of the largest animal use policy changes in global biomedical training came from India, which for decades required medical students in Bachelor of Medicine and Bachelor of Surgery
At another civilian facility, Washington University in St. Louis, the Pediatric Advanced Life Support (PALS) course announced that it was replacing its use of live cats with simulation-based mannequin training. The program's decision followed complaints by PCRM and PET.A's release of eyewitness video footage
showing students at times struggling repeatedly to insert breathing tubes in the animals' throats (Salter, 2016) .
3.3
Advanced (PCRM, 2018) , and all of the 32 ATLS programs in Canada (Blackwell, 2011) (Hodgson and Pelzer, 2017) . In 2010, researchers de scribed the use of simulation-based training to teach the bovine rectal exam (Baillie et al., 2010 ) . Simulators have been used to instruct veterinary students in procedures as well as in laparoscopic surgical techniques (Kilkenny, 2016) . ( Caraballo et al., n.d.; Scalese and Issenberg, 2005) . Mossop (2012) (Hoffman, 2016 (Patronek and Rauch, 2007 ) . (Reznick and MacRae, 2006) .
Industries ( n.d.) has expanded to develop species-specific, whole body simula tors for horses, cattle, sheep, dogs, cats, and a variety of other animals. These simulators have the advantage of species-specific physiological and pharma cological models, as well as relevant anatomical structures. In addition to task and procedural training, veterinary simulators have been applied to teach team training and aspects of professionalism
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Non-animal Training Methods
Numerous curricular reforms have led to a dramatic decrease in the use of live animals for biomedical training around the world. In most cases, some form of whole body simulation and/or task trainer devices are used as edu cational tools in place of animals. Implicit in the replacement of animal use is that the simulation-based methods have equal or better pedagogical outcomes for the learners, and several studies confirm this point
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High-fidelity Simulation Accurately Models Human Patients
2
Simulators Improve Technical Proficiency
In a randomized study on emergency procedures, Hall ( 2011) McCarthy et al. ( 2002 ) , who compared cricoth yr oidotomy sessions using ca nine versus human cadaver models. They found that trainees performed pro cedures more accurately on the latter.
Simulation technologies exist for many levels and subjects in biomedical education. Early training with whole body simulators has been shown to be effective in teaching the principles of physiology to first year medical students. Tan et al. (2002) described the range of simulation-based sessions in preclini cal medical school courses, which include introduction of clinical situations and diseases; elements of history taking and empathetic styles; formation of a differential diagnosis; and corroboration of physical examination findings.
5.3
Simulators Improve Patient and Medical Provider Safety Medical students learning either internal medicine or general surgery can ben efit from simulation-based teaching. All simulation training avoids the poten tial risks to the patient of medical trainee-induced complications (Friedrich, 2002 (Oriol et al., 2011) . In surgical literature, Kaufman (2003) (Balcombe, 2004) .
5.6
Simulation Shortens Medical Trainees' Learning Curve Issenberg et al. (2005) (Patel, et al., 2006 ) . In both civilian medicine and military medical training, the use of simulation has become a key component of the curriculum (Hauck, 2016) . ( Gala et al., 2012 
